Objectives: To investigate the association between nutritional status and handgrip strength in older Rwandan refugees. Design: Cross-sectional study. Setting: Rwandan refugee camp located in Karagwe district in the north-west of Tanzania. The study was carried out in the postemergency phase. The response rate was 85%. Subjects: A total of 413 men and 415 women aged 50 -92 y participated in the study. Methods: Weight, height, mid-upper-arm circumference (MUAC) and triceps skinfold were obtained using standard techniques. For people with visible kyphosis, height was estimated from armspan using regression equations developed from nonkyphotic subjects within the sample. Handgrip was measured using a mechanical handgrip dynamometer. Information regarding physical activity and health status was obtained by interview and clinical screening. Results: Handgrip strength (kg) was significantly higher in men than in women (30.3 AE 6.7 vs 22.3 AE 5.1), and significantly lower in each older age group in both sexes. Handgrip strength was positively correlated to BMI (body mass index) and AMA (arm muscle area). The relative risk of impaired handgrip strength in individuals with poor nutritional status (BMI < 18.5 kg=m 2 ) compared with those of adequate nutritional status was 1.75. After controlling for potential confounders (sex, age and height), BMI remained a significant contributor to the variation in handgrip strength. Conclusion: Poor nutritional status is associated with poor handgrip strength independent of sex, age and height, in this refugee population. This may indicate that underweight older people are likely to have more difficulties in functioning independently in the community. Research is needed to investigate if improving nutritional status can lead to better functional ability.
Introduction
The proportion of older people in the world is growing and the majority of them live in developing countries (Kinsella, 1996; Restrepo & Rozental, 1994) . Given the widespread poverty found in developing countries, many older people can be expected to have nutritional and health problems that will adversely affect their quality of life and ability to carry out daily tasks independently (Manandhar, 1995) .
Unfortunately there is still a paucity of studies that include older people in developing countries (WHO, 1995; de Onis & Habicht, 1997) .
War and civil strife are responsible for mass population displacement and numbers of refugees cannot be expected to fall noticeably in the near future, as new trouble spots emerge on a regular basis. Older refugees can be a particularly vulnerable group as living conditions are harsh and social networks may have broken down, yet consideration of older age groups among refugees is rare. In Bosnia-Herzegovina undernutrition was found to be absent among children whereas the prevalence in older adults was 10 -20% (Vespa & Watson, 1995) . Similar figures of undernutrition were found among older Rwandan refugees (Pieterse et al, 1998) . The nutritional status of older people has been related to functional ability and strength (Chilima & Ismail, 2001; Manandhar, 1999; Pieterse, 1999) . Functional ability is not only important in terms of having control over one's life, but also in terms of the ability to contribute to household and economic activities. Maintenance of functional ability and strength is particularly relevant to the survival of older refugees and their dependants. The purpose of this study was to demonstrate an association between nutritional status and handgrip strength.
Functional ability can be defined as the ability to perform basic daily activities without assistance (Vespa, 1992; Manandhar, 1995) . It is commonly assessed in terms of ADL (activities of daily living) scores, mobility and physical performance tests. The first two are assessed by self-report. Physical tests offer a more objective and quantifiable performance measure. Handgrip strength is the most common assessment method for upper extremity muscle strength (Vespa, 1992) . It has been used successfully to predict postoperative complications and death (Klidjian et al, 1980; Milne & Maule, 1984; Phillips, 1986; Guo et al, 1996) and has been directly related to nutritional status (Chilima & Ismail, 2001; Manandhar, 1999; Pieterse, 1999) . A decline in handgrip strength is also associated with other measures of decreased functional ability (Gosman-Hedström et al, 1988; Jette et al, 1990) . Vaz et al (1996) suggested that handgrip strength may be a useful nutritional status indicator, particularly where anthropometric measurements fail to distinguish undernourished from underweight persons. However we need to remember that handgrip strength measures only one dimension of functional ability.
Subjects and methods
This was a cross-sectional study, carried out in 1995 -1996, under the umbrella of HelpAge International, in a Rwandan refugee camp in the Karagwe district of Tanzania. Formal approval for this study was given by the United Nations High Commissioner for Refugees and the Ethics Committee of the London School of Hygiene and Tropical Medicine. Measurements were obtained from 828 subjects aged 50 -92 y (response rate 85%) and comprised anthropometry, physical performance tests and self-reported functional ability assessments (the ability to carry out independently activities of daily living). Information regarding physical activity and health status was obtained by interview and clinical screening. Group interviews were conducted to elucidate the refugee's criteria of well-being.
Anthropometry
Weight, height, mid-upper-arm circumference (MUAC) and triceps skinfold were taken according to standard techniques (Lohman et al, 1988; Chumlea et al, 1987; Gibson, 1990) and body mass index (BMI) was computed as weight (kg) divided by height (m) squared. For people with visible kyphosis (n ¼ 41), height was estimated from armspan using regression equations developed from non-kyphotic subjects within the sample (Pieterse et al, 1998) . People with a BMI greater than 25 kg=m 2 (n ¼ 51) were excluded from all analyses as the relationship between handgrip strength and BMI was not linear in women above BMI 25 kg=m 2 . Upper arm muscle area (AMA) was calculated using the formula (Frisancho, 1990) shown below:
Handgrip strength Handgrip strength is a measure of strength of the hand and the fore-arm muscles and is measured in kilograms using a handgrip dynamometer (Bassey, 1990; NIH, 1990) . A mechanical Harpenden handgrip dynamometer was used that can be adjusted for hand size by turning the screw in the middle of the unit. Both hands were alternately measured in triplicate, followed by a fourth attempt on the dominant hand only. This allowed familiarization with the technique and provided the opportunity to improve performance. The starting position was sitting with the fore-arm held freely across the stomach. After an explanation the subject squeezed the handle as forcefully as possible for a few seconds and released. Subjects were encouraged verbally and the best score was used in the analysis.
Statistical analysis
Data were analysed with the statistical program SPSS=PC þ version 6.1. Differences between the sexes and age groups were assessed by a t-test and ANOVA test for continuous variables. A chi-square test was used for categorical variables. Relative risk was estimated using the odds ratio. Pearson's correlations were computed between nutrition indicators and handgrip strength. Associations between handgrip strength and BMI were examined, using the BMI cut-off of less than 18.5 kg=m 2 as indicator of poor nutritional status, and the lowest 25th percentile value { as indicator of impaired handgrip strength. Multiple regression analyses were carried out with handgrip strength as dependent variable, while controlling for age, sex and height. In addition to BMI, AMA was also used as independent variable since it is important in relation to the ability to remain active and independent. Entry and exit limits were set at P ¼ 0.05 and P ¼ 0.1, respectively.
Results
The majority of the sample were farmers from rural East Rwanda. Sixty percent of them were (re)married at the time { Although this is an arbitrary cut-off, it does not assume any particular distribution and it is population-referenced rather than based on any criteria. Non-performers were recoded as 'impaired'.
Nutritional status and handgrip strength S Pieterse et al of the study. About 40% of the sample lived without a partner, two-thirds of them being female. The basic food basket in the camp, provided by the World Food Programme, comprised maize (whole grain or meal), beans, corn soy blend, cooking oil and salt. Its nutritional value was increased from 8100 to 8996 kJ (1929 to 2142 kcal) at the end of 1995. Those who were able also worked on local farms and had access to other food. The prevalence of undernutrition (BMI < 18.5 kg=m 2 ) was 19.5% in men and 13.1% in women and was higher above age 60 y in both sexes: in men the prevalences were 23.2 and 15.0% (P < 0.05, w 2 ¼ 4.4) and in women 15.1 and 10.9% for the older and younger age groups, respectively (Pieterse et al, 1998) . AMA was also significantly lower in older age groups (P < 0.05 for both sexes). The older refugees were still quite active in the camp. More than 70% were engaged in work in kitchen gardens and light household activities and 42% in heavy household activities such as fetching water and firewood. Heavy household tasks and paid labour were significantly more often performed by men (P < 0.01 and P < 0.001, respectively) and light household tasks and child care significantly more often by women (P < 0.001). People of higher ages were less likely to be active in gardening (P < 0.001), heavy household tasks (P < 0.05) and paid labour (P < 0.001). Reported health problems were mainly chronic, such as dentition and vision problems, non-specific poor general health (self-reported), poor mobility and depression symptoms. Women were significantly more likely to suffer from these problems than men (P < 0.05). Independence and good physical ability, defined as the ability to take care of oneself and dependants, were identified by older people as their main criteria of wellbeing.
Handgrip strength by sex and age Table 1 shows the means and standard deviations of handgrip strength, BMI and AMA for men and women. A t-test indicated that men had a significantly higher handgrip strength (P < 0.001, t ¼ 19.5) and AMA (P < 0.001, t ¼ 6.1) than women and a lower BMI (P < 0.001, t ¼ 7 6.5). Women had significantly lower strength per cm 2 arm muscle area (t ¼ 14.28, P < 0.001). Handgrip strength was significantly lower in each older age group (F ¼ 36.0, P < 0.001 for men; F ¼ 28.3, P < 0.001 for women). Other anthropometric characteristics have been presented elsewhere (Pieterse et al, 1998) .
Handgrip strength related to nutritional status Cross-tabulation showed that being impaired in handgrip strength was significantly associated with low BMI in men (P < 0.01, w 2 ¼ 10.1). Table 2 shows that handgrip strength was significantly positively correlated with BMI and AMA in both sexes.
The correlation coefficients of handgrip strength and AMA were even higher than those of BMI. BMI and AMA are themselves closely correlated as found also in other studies (Chilima, 1998; Manandhar, 1999) indicating that BMI is an indicator of muscle mass as well as fat mass, perhaps even more so in populations with low fat mass. The relative risk of impaired handgrip strength in individuals with poor nutritional status compared with those of adequate nutritional status was estimated using the odds ratio. The odds ratio was 1.75 (95% confidence interval: 1.15 -2.66), indicating that individuals with a low BMI have a substantially higher risk of impaired handgrip compared to those with adequate nutritional status.
Multiple linear regression analysis was carried out to control for potential confounders (sex, age, height). Poor nutritional status (defined by low BMI and low AMA) emerged as a significant determinant of impaired handgrip strength in men and women. Tables 3 and 4 summarise the regression results for poor nutritional status as determinant of impaired handgrip strength. The contribution of BMI to the variation in handgrip strength was 5.7% in men and 3.5% in women. AMA contributed 10.2% in men and 2.8% in women. The independent contribution of BMI after controlling for AMA was estimated by entering age, height, AMA and BMI. The additional contribution of BMI was 0.7% in men (F ¼ 43.55, P < 0.001) and 3.5% in women where AMA was no longer significant (F ¼ 42.36, P < 0.001). 
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Discussion
It is most likely that the study sample represents a selected group of elderly survivors: the most frail probably did not survive the long journey to the camp, or died soon after arrival. Moreover the study took place in the post-emergency phase when the refugees had settled down, food supplies were regular, and activities (kitchen gardens, employment) that enabled better access to food supplements were well established. Also, HelpAge International had been present in the camp for more than a year, advocating the interests of older people and providing support.
Handgrip strength
In this study, men had a higher handgrip strength than women. Similar sex differences were seen in other studies carried out in developing as well as in industrialised countries (Manandhar, 1999; Chilima & Ismail, 2001; Varakamin et al, 1998; Bassey, 1998; Lehman & Bassey, 1996; Bassey & Harries, 1993) . The sex difference was not entirely explained by muscle mass as women had significantly lower strength per cm 2 arm muscle area. Better physical performance by men is common at all ages, but in older populations it may partly be ascribed to a higher occurrence of health problems in women, which may have reduced the level of customary physical activity in women. Poor health and reduced physical activity may also independently affect physical performance. In this sample, more women than men reported experiencing poor health, which was confirmed by studies from developing and industrialised countries (Bassey et al, 1989; Fernando & Seneviratna, 1993; Dejene, 1995) . It is unclear why women's health status was worse than that of men. It may be that women suffer more from chronic conditions that are non-fatal. This may indicate gender differences in physical and mental strain during the course of life. Moreover, reporting poor health probably embodies more than the presence of medical conditions and physical problems. It was noticed that the Rwandan refugees seemed to incorporate socio-economic conditions in the interpretation of their health status. Thus in addition to the significantly greater occurrence of health problems among female older refugees, their disadvantaged socio-economic status may have contributed to a relatively poor perceived health.
Grip strength values of only few developing country populations are available. Table 5 shows values of Rwandan refugees and people from rural Malawi and Thailand and urban India. The three groups of rural elderly have very similar handgrip strengths. However values in the Indian population are much lower than in the other three populations. These findings suggest that differences in handgrip strength are related more to occupation than to ethnicity. The rural people were used to heavy agricultural work whereas the Indian slum dwellers had a variety of occupational backgrounds that were probably less physically demanding (Manandhar, 1999) . Varakamin et al (1998) also suggested that lifestyle may influence both body composition as well as muscular strength. This was based on a comparison between rural active elderly (data in Table 5 ) and sedentary elderly living in a residential home in Thailand. The institutionalised, who had access to better food and care, had higher body fat and lower handgrip strength.
The handgrip strength values of refugee men were below those of their counterparts from developed countries ( Table  5 ). The poorer nutritional status of the refugees may explain this finding, or it may reflect the earlier onset of age-related changes in developing country populations due to the longand short-term effects of illness and poor living conditions (Kalache, 1991) . Remarkably, grip strengths of refugee women were higher than those of women in the UK, despite the poorer nutritional status of the refugees. This may be due to the fact that people in developing countries, especially female refugees, need to continue hard work into old age. It was observed that many older widowers remarried younger women who often performed the heavy tasks, whereas older widows remained alone and some of them even took care of orphans. Others have also suggested that physical activity may diminish the loss of function (Bassey & Harries, 1993; Sharp et al, 1997) . It should be noted however that the age Nutritional status and handgrip strength S Pieterse et al distribution of the UK study presented in Table 5 (Finch et al, 1998) may differ from that of the Rwandan refugee sample, thus making a direct comparison difficult. Based on a UK sample, Webb et al (1989) used arbitrary lower limits of acceptable pre-operative grip strength (85% of age-and sex-standardised grip strength), using the best combination of sensitivity and specificity. Grip strength values of the Rwandan refugees were at all ages below the suggested limits and men were 10 -20% more below 'standard' than women. The present study showed poorer performance in older age groups with a more marked decrease above age 70. This is not only in agreement with cross-sectional studies in Malawi and India (Chilima & Ismail, 2001; Manandhar, 1999) , but also with Western longitudinal studies that found a significant decline with age in functional performance, and at an accelerating rate at more advanced ages (Kallman et al, 1990; Grimby, 1995) .
Cross-sectional studies tend to underestimate true agerelated strength losses due to selective survivorship (Hurley, 1995) . A large longitudinal study among older non-institutionalised Americans demonstrated a greater decline in physical function with age than suggested by cross-sectional studies. The rate of decline was greater at a more advanced age and in women (Beckett et al, 1996) . In the UK Bassey and Harries (1993) also found greater loss of handgrip strength over 4 years (3% per year in men, 5% per year in women) than predicted from baseline data. According to Grimby (1995) , muscle strength and muscle mass decrease with age mainly due to the loss of muscle fibres, but the impact of activity levels should also be taken into account. Also Bassey and Harries (1993) reported that diminished use seems to be a reason for loss of strength with time, which may be a secondary effect of poor health in old age.
Handgrip strength related to nutritional status
The results of this study are in agreement with the findings that handgrip strength is positively associated with nutritional status as reported earlier (Guo et al, 1996; Manandhar, 1999; Chilima & Ismail, 2001) . Even when controlling for other variables in the regression analysis, poor nutritional status emerged as a significant determinant of handgrip strength in both sexes. Vaz et al (1996) found that chronic energy deficiency was associated with poor handgrip strength in younger adults after correction for height and fore-arm muscle area.
BMI and AMA contributed more to the explained variances in handgrip strength in men than in women. Men's higher muscle mass may contribute to this result. Skelton et al (1994) reported that loss of muscle strength is seen even in healthy and active older people. However the fact that BMI still made a significant contribution to handgrip strength after controlling for AMA indicates an independent contribution of undernutrition to reduced muscle strength. Nutritional status and handgrip strength S Pieterse et al
Recently a similar finding in Malawian elderly has been reported by Chilima and Ismail (2001) . The cross-sectional design of this study does not allow us to comment on causality in the relationship between nutritional status and handgrip strength. Arguably, handgrip strength is just as likely to be a predictor of poor nutritional status, through the limitations it imposes on income generation or food production activities, as the converse, through loss of muscle mass and strength. However, a causal relationship was suggested by an American longitudinal study reporting that very low BMIs were still related to increased functional impairment after 7 and 13 years, controlling for a number of variables (Galanos et al, 1994) .
Conclusion
This research supports the hypothesis that poor functional ability as measured by handgrip strength is associated with poor nutritional status independent of age, sex and height. This important finding might indicate that older people who are in a poor nutritional status are likely to have more difficulties in functioning independently in the community. Poor functional ability not only affects older people's productivity, but also their quality of life: the refugees in the study sample identified independence and good physical ability as their main criteria of well-being.
Good functional ability is an important attribute in refugee camps where people are not self-sufficient and caring behaviour is often diminished. Especially in unstable situations where many young adults may have died and families have been split up, independent older people still have an active role to play in family life and well-being, and also beyond that in the wider community. Therefore it is essential that older people remain in good nutritional and general health condition for as long as possible. Further studies are required to investigate whether an increase in strength can be induced by improvement in nutritional status.
